INTRODUCTION
============

It is well known that hypertension, diabetes, smoking, and hyperlipidemia are associated risk factors for atherosclerotic disease, including coronary artery disease, but in half the cases its etiology is hard to explain by only these conventional risk factors^[@b1-kjim-18-3-154-4])^. It has recently been reported that an inflammatory response is related to the development of atherosclerosis, which accelerates the rupture of atheromatous plaques and coronary artery thrombosis, thereby playing a major role in the pathogenesis of acute coronary syndrome^[@b2-kjim-18-3-154-4]--[@b4-kjim-18-3-154-4])^. It is now known that elevated levels of CRP in patients with coronary artery disease, increase the risk of future coronary events and that CRP itself is an independent risk factor for atherosclerotic disease such as myocardial infarction or stroke, occurring in healthy adults^[@b5-kjim-18-3-154-4]--[@b11-kjim-18-3-154-4])^. Factors stimulating the increase of CRP are not well known, but it has been suggested that chronic infections, especially with *Chlamydia pneumoniae* (*C. pneumoniae*), Cytomegalovirus, and *Helicobacter pylori* (*H. pylori*,) are associated^[@b4-kjim-18-3-154-4],\ [@b6-kjim-18-3-154-4],\ [@b8-kjim-18-3-154-4])^.

Percutaneous coronary intervention (PCI) has become established as a safe and effective method for the treatment of many coronary artery diseases, with a high primary success rate, but the problem of chronic restenosis following the procedure still remains to be resolved^[@b12-kjim-18-3-154-4]--[@b16-kjim-18-3-154-4])^. Cytomegalovirus (CMV) DNA has recently been reported to be found in the atheromatous plaques of coronary arteries, and previous infection with CMV has been suggested as an independent risk factor for restenosis^[@b17-kjim-18-3-154-4]--[@b19-kjim-18-3-154-4],\ [@b21-kjim-18-3-154-4])^, but further investigations into restenosis are required.

It has been reported from our laboratory, through the observation of associations between the markers of infection or inflammation, and coronary artery disease that the antibody titers of *H. pylori* were higher in patients with coronary artery disease, and the levels of CRP and ESR (erythrocyte sedimentation rate) were significantly elevated in patients with acute coronary syndrome, thereby explaining their role in the pathogenesis of acute coronary syndrome^[@b12-kjim-18-3-154-4])^.

The role of chronic infection or inflammation, in coronary artery disease was studied to ascertain the involvement of chronic infection (*C. pneumoniae*, CMV, *H. pylori*) in various coronary artery diseases, and to assess the relationship between chronic infection and the inflammatory markers, such as CRP to coronary restenosis.

MATERIALS AND METHODS
=====================

1.. Subjects
------------

Two hundred and seventy two patients (59.1±10.4 years of age, male : female = 208 : 64), with 345 lesions, who were first diagnosed as having coronary artery disease, and underwent PCI and follow-up coronary angiography, between March 1999 and March 2001, were divided into two groups according to the presence or absence of restenosis.

Patients were excluded from the study if they had undergone previous PCI or bypass surgery, even if they had undergone follow-up angiography, had other infectious or non-infectious inflammatory disease, underlying severe left ventricular dysfunction, had received or were receiving treatment for *H. pylori* eradication, or had no positive tests for infectious or inflammatory markers.

2.. Methods
-----------

Immediately after admission, or early the following morning, fasting blood samples were collected prior to coronary angiography for titers of the IgG antibodies of *C. pneumoniae*, CMV, and *H. pylori* and the levels of CRP were also measured on the same day. From the findings of the follow-up coronary angiography, the subjects were divided into two groups; Group I, with restenosis, and Group II, without restenosis, and a comparatively analysis of the two groups was performed.

The tests for the anti-*C. pneumoniae* IgG antibodies were performed with *C. pneumoniae* IgG (Radim, Roma, Finland), and the results were interpreted as positive or negative. The tests for the anti-CMV IgG antibodies were performed using AxSYM (Abbott, Illinois, U.S.A.) and AxSYM CMV IgG reagent peak (Abbott, Illinois, U.S.A.), which were considered positive when the levels were greater than or equal to 15 AU/mL. The anti-*H. pylori* IgG antibodies were tested with Pyloriset EIA-G (Orion Diagnostica, Espoo, Finland), and were considered positive when the concentrations were greater than or equal to 300 U/mL. CRP was tested by Behring nephelometer analyzer II (Dade Behring Inc., Marburg, Germany) using N Latex CRP mono (Dade Behring Inc., Marburg, Germany) reagents and the normal reference range were regarded as less than 0.5 mg/dL.

3.. Coronary angiography and intervention
-----------------------------------------

Diagnostic coronary angiography was performed by puncturing the right (or left) femoral artery using the Seldinger method following local anesthesia of the inguinal area, or by insertion of a 6 French arterial sheath via the radial artery. On the coronary angiogram stenosis with an internal diameter greater than 50% was regarded as significant. From the coronary angiogram the location of the culprit arteries, Thrombolysis In Myocardial Infarction (TIMI) flow^[@b20-kjim-18-3-154-4])^ and the type of lesions were analyzed, according to the American College of Cardiology/American College of Cardiology (ACC/AHA) classification^[@b21-kjim-18-3-154-4])^. The reference vessel internal diameter, minimal luminal diameter, and luminal stenosis of the target arteries were measured using the on-line quantitative coronary angiogram program (Philips H5000, Netherlands), which was capable of edge detection. An elective or emergency PCI was performed according to the indications in patients showing stenosis greater than 50% in more than one of the three arteries from the coronary angiography.

4.. Follow-up coronary angiography
----------------------------------

Six month follow-up coronary angiography was taken in the subjects that had had undergone PCI, had a recurrence of symptoms, or had a positive test on exercise stress or other non-invasive tests during the follow-up period. Restenosis was defined as stenosis greater than 50% on the follow-up angiography in the arteries with luminal stenosis of less than 50% immediately after the PCI.

5.. Statistical analysis
------------------------

All data were described as the mean standard deviation. The nominal variables were analyzed by Chi-squared or Fisher\'s exact tests, and the various continuous variables compared by *t*-and Chi-squared tests. A *p*-value less than 0.05 was considered significant. Also, predictive factors were sought using a multiple, stepwise logistic regression analysis, after adjustment for age, sex, and risk factors of coronary artery disease.

RESULTS
=======

1.. Baseline clinical characteristics
-------------------------------------

Two hundred and seventy two patients who had undergone PCI, measurement of inflammatory markers, and follow-up coronary angiography, were divided into two groups; Group I, 99 patients with restenosis (59.56±10.82 years, 77 males and 22 females) and Group II, 173 patients without restenosis (58.89±10.22 years, 131 males and 42 females). Follow-up coronary angiography was performed after 5.5±1.5 and 6.2±5.5 months in groups I and II, respectively; no statistical differences were found between the two groups. The restenosis rates were 36.4 and 34.8% in relation to the number of patients (99 patients out of the total 272 patients) and lesions (101 arteries out of the total 290 arteries where PCI was performed), respectively. The initial clinical diagnoses, with significantly higher restenosis rates, were acute myocardial infarction (MI) and unstable angina pectoris rather than stable angina and old MI (*p*=0.023). Risk factors of atherosclerosis, such as smoking, diabetes, hypertension and hyperlipidemia, were not different between the two groups ([Table 1](#t1-kjim-18-3-154-4){ref-type="table"}).

2.. Associations between infection and post-PCI restenosis
----------------------------------------------------------

The seropositivity for anti-*C. pneumoniae* IgG antibodies were 27.3 (27/99) and 26% (45/173) in groups I and II, respectively, with no differences found between the two groups. The seropositivity for anti-CMV IgG antibodies was 100% in both the groups and that for Anti-*H. pylori* IgG antibodies was 61.6% (61/99) and 63.6% (110/173) in groups I and II, respectively, with no statistical differences found. Titers for the anti-*H. pylori* antibodies were not different between the two groups (852.4±1332.4 vs. 809.4±931.7 U/mL, *p*=NS, [Table 2](#t2-kjim-18-3-154-4){ref-type="table"}).

3.. Associations between C-reactive protein and restenosis
----------------------------------------------------------

Seropositivity of CRP was significantly higher in group I than II, at 57.6 (57/99) vs. 36.4% (63/173) (*p*=0.001) ([Table 2](#t2-kjim-18-3-154-4){ref-type="table"}). The serum levels were significantly higher in group I than II (3.38±5.80 vs. 1.36±2.62 mg/dL) (*p*=0.001) ([Figure 1](#f1-kjim-18-3-154-4){ref-type="fig"}, [Table 3](#t3-kjim-18-3-154-4){ref-type="table"}). When only the patients with acute coronary syndrome were included, the CRP seropositivity was significantly higher in group I than II (60.9 (56/92) vs. 39.1% (36/92) (*p*=0.004)), and the serum levels were also significantly higher In group I than II, at 3.60±5.97 vs. 1.55±2.86 mg/dL respectively (*p*=0.003).

From the multiple logistic regression analysis the CRP was found to be an independent risk factor for the development of restenosis (*p*=0.009), even after adjustment for sex, age, smoking, hypertension, diabetes, hyperlipidemia, and seropositivity of *H. pylori* and *C. pneumoniae*, and a relative risk of 2.1169, with a 95% confidence interval of 1.2072--3.7154 ([Table 7](#t7-kjim-18-3-154-4){ref-type="table"}).

4.. Comparison with coronary angiography
----------------------------------------

From the coronary angiography a total of 345 lesion arteries, in 272 patients, were found, of which PCI was performed in 290 arteries; 137 in the left anterior descending artery, 75 in the right coronary artery and 78 in the left circumflex artery. The TIMI flows were 0 in 44, I in 17, II in 103 and III in 104 cases, with the lesion types, according to the ACC/AHA classification, being A in 21, B1 in 145, and C in 43 cases. There were no significant differences in the distribution of the culprit arteries, number of arteries, or types of lesions between the two groups, but the TIMI flow was significantly lower in group I (*p*=0.038) ([Table 4](#t4-kjim-18-3-154-4){ref-type="table"}). However, this value was not statistically significant on the multiple regression analysis following adjustment for the variables, such as age, sex, smoking, diabetes, hypertension, hyperlipidemia, and clinical diagnosis.

5.. Correlation between infection and inflammation
--------------------------------------------------

The CRP seropositivities for the patients positive and negative for the anti-*H. pylori* IgG antibodies were 45.0 (77/171) and 42.6% (43/101), with serum levels of 1.96±3.42 and 2.22±4.63 mg/dL, respectively, with no differences found between the two groups. The CRP seropositivities for the patients positive and for the anti-*C. Pneumoniae* IgG antibodies were 43.1 (31/72) and 44.5% (89/200), with serum levels of 2.19±4.60 and 1.94±3.38 mg/dL, respectively, with no differences found between the two groups ([Table 5](#t5-kjim-18-3-154-4){ref-type="table"}). The Pearson correlation showed no significance between the anti-*H. pylori* IgG antibody titers and the CRP levels (r=0.272, *p*=0.637). The anti-CMV IgG antibody titers were divided, into the high-titer and the low-titer groups, according to the serum levels (\>250 and \<250 AU/mL, respectively), and were compared with the restenosis rate, CRP seropositivity, and CRP levels, but no significant differences were found between the two groups ([Table 6](#t6-kjim-18-3-154-4){ref-type="table"}). The median anti-*H. pylori* IgG antibody level was 411 U/mL, and when patients were subgrouped on the basis of this value, into the high- and low-titer groups (\>411 and \<411 U/mL, respectively) and compared with the restenosis rate, CRP seropositivity, and CRP levels, no statistical significance was found between the two groups ([Table 6](#t6-kjim-18-3-154-4){ref-type="table"}).

DISCUSSION
==========

The current study has shown that the serum levels of CRP following PCI were significantly higher in those patients with restenosis and that it was an independent risk factor of restenosis following adjustment for the other variables. Conversely, there was also no significant correlation between restenosis and infections with CMV, *H. pylori*, and *C. pneumoniae*, or between restenosis and the anti-CMV and -*H. pylori* IgG antibodies titers. Furthermore, increased levels of CRP had no correlation with the seropositivity of the IgG antibodies for *H. pylori*, *C. pneumoniae*, CMV or with the anti-CMV and -*H. pylori* antibody titers.

PCI has become established as a safe and effective treatment for coronary artery atherosclerosis, but chronic restenosis following PCI remains to be resolved. The experimental or clinical mechanisms suggested for restenosis are the proliferation of smooth muscle cells, neointimal hyperplasia, vascular remodeling, and thrombosis^[@b19-kjim-18-3-154-4]--[@b22-kjim-18-3-154-4])^.

There have been many studies on the relationship of inflammation to atherosclerosis and coronary artery disease, but its accurate role remains to be clarified. However, inflammation is an important factor in determining the stability of atherosclerotic atheromatous plaques^[@b22-kjim-18-3-154-4])^, and the results of this study confirms the reports from many large-scale prospective epidemiologic studies that the CRP level is associated with the increased incidences of future cardiac events occurring in patients with a history of ischemic heart disease^[@b5-kjim-18-3-154-4],\ [@b7-kjim-18-3-154-4],\ [@b9-kjim-18-3-154-4],\ [@b24-kjim-18-3-154-4])^, stable angina pectoris^[@b25-kjim-18-3-154-4])^, or myocardial infarction^[@b26-kjim-18-3-154-4])^.

A report that aspirin^[@b27-kjim-18-3-154-4])^ and statin^[@b26-kjim-18-3-154-4])^ reduced the risks of future cardiac events in patients with increased CRP levels implies that inflammation has an effect on the disease course, independently of conventional risk factors of coronary artery disease, supporting the currently proposed hypotheses. CMV DNA sequences have been discovered in large parts of the tissues of restenotic coronary lesions^[@b28-kjim-18-3-154-4])^, and besides the reports of CMV seropositivity being a significant independent risk factor for restenosis^[@b17-kjim-18-3-154-4])^, increased levels of CRP have also been reported as an independent risk factor for mortality from coronary artery disease^[@b28-kjim-18-3-154-4])^. In the current study, all the subjects were positive for the anti-CMV IgG antibody, and divided into the high- and low-titer groups according to their titer values. When this factor was compared with the restenosis rate there were no significant statistical differences were found, which was consistent with the results of Manegold, et al^[@b30-kjim-18-3-154-4])^.

Since the report of Saikku et al^[@b31-kjim-18-3-154-4])^, in 1988, showing the incidence of seropositivity of anti-*C. pneumoniae* antibodies were high in patients with coronary artery disease; there have been other seroepidemiologic studies on the associations between anti-*C. pneumoniae* antibodies and coronary artery disease. Gupta et al^[@b32-kjim-18-3-154-4],\ [@b33-kjim-18-3-154-4])^, in 1997, reported that increased anti-*C. pneumoniae* antibody titers were related to cardiovascular complications, with the eradication of *C. pneumoniae*, using azithromycin, not only decreased the antibody titers, but also the cardiovascular complications. Conversely, Gurfinkel et al reported that roxithromycin failed to decrease the complications of coronary artery disease in patients with acute non-Q-wave coronary syndrome^[@b34-kjim-18-3-154-4])^. However, a recent prospective epidemiologic study revealed that 300 mg of roxithoromycin administered two hours after coronary stenting, for four weeks, significantly decreased the rate of restenosis in patients with high anti-*C. pneumoniae* antibody titers^[@b35-kjim-18-3-154-4])^. Neointimal formation, due to injury following PCI, is induced by inflammation, and in animal experiments has been suppressed by anti-inflammatory cytokines, such as interleukin 10^[@b36-kjim-18-3-154-4])^, tissue factor pathway inhibitor-1^[@b36-kjim-18-3-154-4])^, antibodies of beta2-leukocyte integrin Mac-1 and by suppression of ICAM-1-supported adhesion through genetic disruption of Mac-1^[@b38-kjim-18-3-154-4])^. Cellular infection by *C. pnueumoniae* plays an important role in the neointimal formation through the upregulation of these surface receptors, and the use of antibiotics can inhibit neointimal formation by inhibiting the vascular infection. In this study, owing to the lack of data on the anti-*C. pneumoniae* antibody titers, their effects on restenosis could not be confirmed. Therefore, further investigation would seem necessary. In relation to the seropositivity of the antibodies, there were no significant differences between the two groups, and no correlation with the inflammatory markers was shown. It would therefore appear that other factors causing inflammation, or the effects of inflammation itself on restenosis, should be considered.

In a study conducted at our laboratory, the anti-*H. pylori* antibody titers were increased in patients with coronary artery disease, with 64% seropositivity of its antibodies^[@b12-kjim-18-3-154-4])^. In this study, the rates were 61 and 63.3% in groups I and II, respectively, with no significant difference between the groups. Furthermore, when the patients were divided into the high-and low-titer groups, on the basis of the median level of the titers, there was also no significant difference between the groups. It has been proposed that *H. pylori* infection was a strong risk factor of restenosis^[@b39-kjim-18-3-154-4])^, but studies on its relation to restenosis have not been sufficient, which has resulted in various conflicting claims relating to this factor^[@b40-kjim-18-3-154-4])^. From the results of this study other conclusions could be drawn if new methods should be used to assess the extent of infection, even though the rate of restenosis and the seropositivity of IgG antibodies or the titers of inflammatory markers were not related.

Many studies are being performed on the restenosis-reducing effects of statin or aspirin, based on the result that elevated CRP levels are an independent risk factor for restenosis. It is also speculated that a better understanding of the degrees of inflammation could serve to prevent future restenosis.

![Values of C-reactive protein were significantly higher in the patients in Group I than in the patients in Group II.](kjim-18-3-154-4f1){#f1-kjim-18-3-154-4}

###### 

Clinical characteristics of Groups I and II

                                  Group I     Group II     *p* value
  ------------------------------- ----------- ------------ -----------
  Patient number                  99          173          
  Age (years)                     59.6±10.8   58.9±10.2    NS
  Sex (%)                                                  NS
    Male                          77 (77.8)   131 (75.5)   
    Female                        22 (22.2)   42 (24.3)    
  Clinical diagnosis (%)                                   0.023
    Acute myocardial infarction   58 (58.6)   80 (46.2)    
    Unstable angina               34 (34.3)   57 (32.9)    
    Stable angina                 6 (6.1)     28 (16.2)    
    Old myocardial infarction     1 (1.0)     8 (4.6)      
  Risk factors (%)                                         
    Smoking                       57 (57.6)   89 (54.3)    NS
    Hypertension                  45 (45.5)   56 (34.4)    NS
    Diabetes meliitus             23 (23.2)   32 (19.4)    NS
    Hyperlipidemia                25 (25.8)   41 (26.8)    NS
    Ejection fraction (%)         55.5±12.1   57.7±11.7    NS
  Number of diseased vessel(%)                             NS
    one vessel disease            72 (72.1)   140 (80.9)   
    multivessel disease           27 (27.3)   33 (19.1)    

###### 

Comparisons of the seropositivity of the infectious and inflammatory markers between Groups I and Group II

                               Group I (n=99)   Group II (n=173)   *p* value
  ---------------------------- ---------------- ------------------ -----------
  *Chlamydia pneumoniae* (%)   27 (27.3)        45 (26.0)          NS
  Cytomegalovirus (%)          99 (100)         173 (100)          NS
  *Helicobacter pylori* (%)    61 (61.6)        110 (63.6)         NS

###### 

Comparisons of the seropositivity and concentrations of C-reactive protein between Groups I and Group II

                                  Group I (n=99)   Group II (n=173)   *p* value
  ------------------------------- ---------------- ------------------ -----------
  C-reactive protein (mg/dL)      3.385.80         1.362.62           0.001
  C-reactive protein positivity   57 (57.6)        63 (36.4)          0.001

###### 

Angiographic and procedural characteristics in Groups I and II

                                      Group I (n=101)   Group II (n=189)   *p* value
  ----------------------------------- ----------------- ------------------ -----------
  Target lesion                                                            NS
    Left anterior descending artery   51 (50.5)         86 (45.5)          
    Right coronary artery             22 (21.8)         53 (28.0)          
    Left circumflex artery            28 (27.7)         50 (26.5)          
  TIMI flow grade                                                          0.038
    0                                 24 (25.3)         20 (11.6)          
    I                                 5 (5.3)           12 (6.9)           
    II                                33 (34.7)         70 (40.5)          
    III                               33 (34.7)         71 (41.0)          
  ACC/AHA types                                                            NS
    A                                 6 (5.9)           15 (7.9)           
    B~1~                              47 (46.5)         98 (51.9)          
    B~2~                              31 (30.7)         50 (26.5)          
    C                                 17 (16.8)         26 (13.8)          
  Reference diameter (mm)             2.88±0.65         2.87±0.53          NS
  \% percent diameter stenosis        89.60±11.53       90.86±9.30         NS
  Minimal luminal diameter (mm)                                            
    Before PCI                        0.43±0.40         0.50±0.40          NS
    After PCI                         2.63±0.55         2.59±0.53          NS
    6-month follow-up                 0.55±0.34         2.32±0.62          0.0001
  Stent implantation (%)              66 (66.7%)        118 (68.2%)        NS

TIMI, Thrombolysis In Myocardial Infarction; ACC/AHA, American College of Cardiology/American Heart Association; PCI, percutaneous coronary intervention.

###### 

Association of C-reactive protein (CRP) and IgG seropositivity to *Chlamydia pneumoniae* and *Helicobacter pylori*

                                  *C. pneumoniae* (+)   *C. pneumoniae* (−)   *p* value
  ------------------------------- --------------------- --------------------- -----------
  Number (%)                      72 (26.5%)            200 (73.5%)           NS
  C-reactive protein\>0.5 mg/dL   43.1% (31/72)         44.5% (89/200)        NS
  C-reactive protein (mg/dL)      2.02±3.43             2.12±4.43             NS
  Restenosis rate                 37.5% (27/72)         36.0% (72/200)        NS
                                  *H. pylori (+)*       *H. pylori (−)*       
  Number (%)                      171 (62.9%)           101 (37.1%)           NS
  C-reactive protein\>0.5 mg/dL   45.0% (77/171)        42.6% (43/101)        NS
  C-reactive protein (mg/dL)      1.96±3.42             2.22±4.63             NS
  Restenosis rate                 35.7% (61/171)        37.6% (38/101)        NS

###### 

Association of C-reactive protein, titer of Cytomegalovirus, *Helicobacter pylori* and restenosis

                                  Cytomegalovirus High Titer         Cytomegalovirus Low Titer         *p* value
  ------------------------------- ---------------------------------- --------------------------------- -----------
  Number (%)                      134 (49.3%)                        138 (50.7%)                       NS
  C-reactive protein\>0.5 mg/dL   38.8% (52/134)                     49.3% (68/138)                    NS
  C-reactive protein (mg/dL)      1.83±4.03                          2.35±4.32                         NS
  Restenosis rate                 32.8% (44/134)                     39.9% (55/138)                    NS
                                  *Helicobacter pylori* High Titer   *Helicobacter pylori* Low Titer   
  *Number (%)*                    136 (50%)                          136 (50)                          NS
  C-reactive protein\>0.5 mg/dL   41.9% (57/136)                     46.3% (63/136)                    NS
  C-reactive protein (mg/dL)      2.19±4.77                          1.99±3.52                         NS
  Restenosis rate                 35.3% (48/136)                     37.5% (51/136)                    NS

CMV high titer, \>250 AU/mL; low titer, \<250 AU/mL, *H. pylori* high titer, \>411 U/mL; low titer, \<411 U/mL

###### 

Analysis of predictive factors for the restenosis

                             *p* value   OR (95% C.I.)
  -------------------------- ----------- -------------------------
  C-reactive protein         0.009       2.1169 (1.2062--3.7154)
  sex                        0.5477      1.2566 (0.5968--2.6460)
  smoking                    0.9602      0.9843 (0.5288--1.8323)
  Diabetes mellitus          0.2928      1.4409 (0.7296--2.8457)
  Hypertension               0.0602      1.8957 (1.0632--3.3802)
  Dyslipidemia               0.5003      0.8016 (0.4213--1.5250)
  Chlamydia pneumoniae (+)   0.9338      0.9733 (0.5144--1.8418)
  Helicobacter pylori (+)    0.9863      0.9951 (0.5660--1.7495)
  age                        0.523       0.775 (0.490--1.226)
  TIMI flow                  0.0691      0.6849 (0.4781--0.9812)
  MLD (before PCI)           0.3194      1.048 (0.609--1.802)
  MLD (after PCI)            0.7156      1.241 (0.794--1.940)

C.I., confidence interval; OR, odds ratio; MLD, minimal luminal diameter; PCI, percutaneous coronary intervention
